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REGULATOR WITH EROSION RESISTANT 
SEAL ASSEMBLIES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation-in-part of US. Patent Application 
Serial No. 09/640,401 ?led on Aug. 16, 2000, now US. Pat. 
No. 6,568,418 for a Precision Regulator. 

BACKGROUND OF INVENTION 

The present invention is a regulator used for controlling 
?uid pressures in a doWnstream apparatus. The regulator can 
also vent excess doWnstream pressures to atmosphere. The 
body can be segmented into at least three interconnected 
parts. 

DESCRIPTION OF RELATED ART 

Gilmore Valve Company, the assignee of the present 
invention, has sold valves and other types of regulators for 
many years. Examples of these prior art devices are shoWn 
in US. Patent Nos. 3,917,220 and 4,493,335. In order to 
adjust the set point for these prior art regulators, the operator 
Was required to turn a large handle at the top of the apparatus 
Which Would compress springs on the inside of the appara 
tus. This Was sometimes difficult at higher set points. 

In some prior art designs, the supply seal assembly and 
the vent seal assembly Were in the ?uid ?oW path Which 
during high ?oW could degrade seal life and function. There 
is a need for seal assemblies that have longer life and 
reliability. 

SUMMARY OF INVENTION 

Prior art regulators are often di?icult to adjust accurately 
at higher pressures, because the adjustment knob must push 
against the full force of a spring on the inside of the 
apparatus. In the present invention, the adjustment knob 
moves internal mechanisms including a small diameter 
control stem, not the spring. 

Rotation of the adjustment knob of the present invention 
only requires minimum force. The higher forces and torques 
of prior art regulators tended to Wear out the threads in the 
adjustment mechanism. The loWer forces in the present 
invention minimiZe this Wear. 

Unlike some prior art designs, the supply seal assembly 
and the vent seal assembly of the present invention are not 
in the ?uid ?oW path of the valve during high ?uid ?oW. 
Positioning the supply seal assembly and the vent seal 
assembly out of the ?uid ?oW during high ?uid ?oW path 
enhances seal life and reliability. The ?uid ?oW path through 
the present invention is partially contained in holloW pas 
sageWays in the elongate control stem. In one embodiment, 
the regulator has a segmented body design With at least three 
interconnected segments. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a side elevation vieW of the precision regulator 
shoWing the supply port and vent port. 

FIG. 2 is a section vieW of the precision regulator rotated 
ninety degrees clockWise from the vieW in FIG. 1. 

FIG. 3 is an enlarged section vieW of the precision 
regulator of FIG. 2, except ?uid is ?oWing from the supply 
port to the regulated port, as indicated by the ?oW arroWs. 

FIG. 4 is an enlarged section vieW of the precision 
regulator of FIG. 2, except ?uid is ?oWing from the regu 
lated port to the vent port, as indicated by the ?oW arroWs. 
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2 
FIG. 5 is an enlarged section vieW of the precision 

regulator in the proximity of the supply seal assembly. 
FIG. 6 is a section vieW of a portion of the precision 

regulator in the proximity of the vent seal assembly. 
FIG. 7 is a section vieW of a portion of the supply seal 

assembly and control stem Without any force being exerted 
on the 0-ring or the seal ring. 

FIG. 8 is a section vieW of a portion of the supply seal 
assembly With pressure being exerted on the 0-ring and the 
seal ring, as indicated by the arroWs. 

FIG. 9 is a section vieW of a portion of the supply seal 
assembly With pressure being exerted against the 0-ring and 
the seal ring from the opposite direction of FIG. 8. 

FIG. 10 is an enlarged perspective vieW of the control 
stem and some of the inner components of the precision 
regulator of FIG. 2. 

FIG. 11 is a side elevation vieW of a regulator With 
segmented body. 

FIG. 12 is a bottom vieW of the regulator of FIG. 11. 
FIG. 13 is a section vieW of the regulator With erosion 

resistant seal assemblies taken along the line 13—13 of FIG. 
12. FIG. 13 shoWs the three segments of the body intercon 
nected by elongate bolts. 

FIG. 14 is a section vieW of the regulator With erosion 
resistant seal assemblies of FIG. 13 taken out of hand so all 
of the ports can be seen in one draWing. The regulator in 
FIG. 14 is in the no ?oW or neutral position. In production, 
the function, supply and vent ports are actually aligned as 
shoWn in FIG. 11. 

FIG. 15 is a section vieW of the regulator of FIG. 14 
except the regulator With erosion resistant seal assemblies is 
in the open position With ?uid ?oWing from the supply 
through the regulator to function as indicated by the ?oW 
arroWs. Again, the ports are taken out of hand so all ports as 
seen in one draWing. 

FIG. 16 is a section vieW of the regulator of FIG. 14 
except that regulator With erosion resistant seal assemblies is 
in the vent position With ?uid ?oWing from the function 
through the regulator and out the vent as indicated by the 
arroWs. Again, the ports are taken out of hand so all ports can 
be seen in one draWing. 

FIG. 17 is an enlargement of the unitiZed sensor piston 
spring carrier and seal assembly in the neutral position as 
shoWn along the line 17 of FIG. 14. 

FIG. 18 is an enlargement of the supply seal assembly in 
the neutral position as shoWn along the line 18 of FIG. 14. 

FIG. 19 is an enlargement of the vent seal assembly in the 
neutral position as shoWn along the line 19 of FIG. 14. 

FIG. 20 is an enlargement of the supply seal assembly in 
an unpressuriZed state. 

FIG. 21 is an enlargement of the supply seal assembly in 
a pressuriZed state. The arroWs indicate the load applied by 
the ?uid pressure to the supply seal assembly. 

FIG. 22 is a section vieW of a portion of the control stem; 
the supply seal assembly and the vent seal assembly in the 
neutral position. 

FIG. 23 is a section vieW of a portion of the control stem, 
the supply seal assembly and the vent seal assembly in the 
open position. Fluid is ?oWing from supply to function as 
indicated by the ?oW arroW. 

FIG. 24 is a section vieW of a portion of the control stem, 
the supply seal assembly and the vent seal assembly in the 
vent position. Fluid is ?oWing from function to vent as 
indicated by the ?oW arroWs. 
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FIG. 25 is an enlarged perspective vieW of the control 
stem and other internal components of the regulator With 
erosion resistant seal assemblies of FIG. 14. 

FIG. 26 is an enlarged perspective vieW of some of the 
components of the regulator. 

DETAILED DESCRIPTION 

FIG. 1 is a side elevation vieW of the precision regulator 
generally identi?ed by the numeral 10. An adjustment knob 
12 connects to an adjusting stem 13 to adjust the set point of 
the precision regulator 10. The retainer cap 14 is connected 
to the spring housing 16 by a plurality of cap screWs 18 and 
20. The spring housing 16 threadably engages the regulator 
body 22. A bottom ?ange 24 is connected to the regulator 
body 22 by a plurality of cap screWs, not shoWn. The supply 
port 26 and the vent port 28 are formed in the regulator body 
22. 

FIG. 2 is a section vieW of the precision regulator of FIG. 
1 except the orientation of the regulator has been rotated 90 
clockWise. The adjustment knob 12 connects to an adjusting 
stem 13 Which transmits rotational position to other com 
ponents of the regulator as discussed beloW. The adjusting 
stem 13 includes an outWardly projecting circumferential 
?ange 30 about halfWay betWeen both ends and a clevis 32 
on the end opposite the knob 12. The retainer cap 14 is 
secured to the spring housing 16 by a plurality of cap screWs 
18 and 20. Aspring retainer 34 threadably engages the upper 
end of the spring housing 16 and captures the outWard ?ange 
30 of the adjusting stem 13 against the retainer cap 14, 
alloWing just enough room for the upper stem to rotate. 
Therefore, the knob 12 and adjusting stem 13 can rotate but 
are ?xed axially to the spring housing 16. 

The adjusting sleeve 36 has a holloW bore 37 through the 
longitudinal axis and an outWardly extending circumferen 
tial ?ange 38 on one end. The stem retainer 40 threadably 
engages the spring guide 42 and captures the outWardly 
extending radial ?ange 38 of the adjusting sleeve 36 against 
the bottom of the spring guide 42 counter bore, alloWing just 
enough clearance for the adjusting sleeve 36 to rotate. 
Therefore, the adjustment sleeve 36 is alloWed to rotate, but 
is ?xed axially With respect to the spring guide 42. 

The adjusting sleeve 36 has a transverse bore 43 on the 
end opposite the ?ange 38. The adjusting sleeve pin 44 
passes through the transverse bore 43 in the adjusting sleeve 
36 and the clevis 32 in the adjusting stem 13. Therefore, 
When the adjusting knob 12 is rotated, the adjusting stem 13, 
rotates as Well as the adjusting sleeve pin 44 and the 
adjusting sleeve 36. The clevis 32 alloWs the adjusting 
sleeve 36 to move axially With respect to the adjusting stem 
13 and adjusting knob 12. One end of the holloW central bore 
37 of the adjusting sleeve 36 is threaded. The bore of the 
adjusting sleeve 36 has threads 46 beloW Where the trans 
verse bore 43 is positioned. The threads 45 engage threads 
46 on the upper control stem 48. Axial pin 55 passes through 
a transverse hole 41 in the spring guide 42 and a transverse 
slot 50 in the upper control stem 48. 

The pin 55 in the slot 50 alloWs the upper control stem 48 
to move axially, but not rotationally With respect to the 
spring guide 42. The result is that as the adjusting sleeve 36 
is rotated relative to the spring guide 42, the upper control 
stem 48 moves axially With respect to the spring guide. The 
loWer control stem 52 is pinned to the upper control stem 48 
by the pin 54. The tWo stems move axially together. 

Thus, rotation of the control knob 12 causes the upper 
control stem 48 and the loWer control stem 52 to move 
axially With respect to the spring guide 42, While alloWing 
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4 
the spring guide 42 to move With respect to the knob 12, 
spring housing 16 and valve body 22. Thus, rotating the 
adjustment knob 12 counter-clockWise brings the set point to 
0 psi and rotating the adjustment knob 12 clockWise brings 
the regulator 10 to its maximum set point. 
The spring guide 42 includes an outWardly extending 

radial ?ange 56 on one end Which captures the spring 58 
against the spring retainer 34. The axial pin 55 passes 
through a transverse bore 41 in the spring guide 42 and slips 
back and forth in the slot 50 of the upper control stem 48. 
This feature alloWs adjustment of the loWer control stem 52 
independent of the spring 58. Rotation of the adjustment 
knob 12 does not increase or decrease the force being 
applied against the spring 58 by the spring guide 42. The 
force that is applied to the spring 58 is applied through the 
sensor piston 60 that is in contact With the ?ange 56 of the 
spring guide 42. Pressure from the regulated port 62 is 
applied against the sensor piston 60 Which is then transferred 
via the ?ange 56 on the spring guide 42 to the spring 58. 

The sensor piston 60 threadably engages the retaining nut 
64. The sensor piston 60 includes an external O-ring groove 
61, Which receives O-ring 66 and back up ring. The O-ring 66 
and back-up ring achieve a dynamic seal betWeen the body 
22 and the sensor piston 60. The sensor piston also has an 
axial through hole. The retaining nut 64 captures the O-ring 
68 and another back-up ring to achieve a dynamic seal 
betWeen the sensor piston 60 and the loWer control stem 52. 
The loWer control stem 52 includes a plurality of ?oW 
passages or slots 70 that permit ?uid ?oW from the supply 
port to the regulated port 62 When the ?oW passages 70 are 
proximate With the supply seal assembly 82. Asecond set of 
?oW passages 72 are formed in the loWer control stem 52 
Which permit ?uid to ?oW from the regulated port 62 to the 
vent port 28 When the ?oW passages 72 are proximate to the 
vent seal assembly 98. 
An upper cylinder cage 74 is located in the bore of the 

body 22, adjacent to the regulated port 62. The upper 
cylinder cage 74 has a plurality of radial bores 76 and 77 and 
a longitudinal bore 78. Fluid can ?oW from the regulated 
port 62 through the radial bores 76 and 77 into the longi 
tudinal bore 78. An O-ring groove 73 is formed on the 
outside circumference of the upper cylinder cage 74 and 
receives the O-ring 80. The supply seal assembly is generally 
identi?ed by the numeral 82 and Will be discussed in greater 
detail With regards to FIGS. 7, 8 and 9. 
The loWer control stem 52 passes through a longitudinal 

bore 85 in the supply cage 84. Aplurality of radial bores 86 
and 87 in the supply cage 84 extend from the longitudinal 
bore 85 to a circumferential groove 27. 

A ?oW passageWay sometimes called the supply passage 
Way 9 extends from the supply port 26 to the regulated port 
62 as indicated by the ?oW arroWs in FIG. 3. Fluid moves 
from the supply port 26 through a circumferential groove 27 
in the supply cage 84 through the radial bores 86 and 87 and 
into the longitudinal bore 85 of the supply cage 84. The ?uid 
then moves into the longitudinal bore 78 of the upper 
cylinder cage 74 and through the radial bores 76 and 77 into 
the regulated port 62. 
The seal retainer 88 has a longitudinal bore 23 through 

Which passes the loWer control stem 52. Aplurality of radial 
bores 94 and 95 extend from the longitudinal bore 23 to the 
circumference groove 93 of the seal retainer 88. 
An O-ring channel 91 is formed in outside circumference 

of the seal retainer 88 to receive the O-ring 92. The O-ring 
92 forms a seal betWeen the seal retainer 88 and body 22. 
Another O-ring groove 120 is formed around the longitu 
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dinal bore 23 to receive O-ring 121 and forms a seal between 
the seal retainer 88 and the loWer control stem 52. Aplurality 
of radial bores 94 and 95 are formed in the seal retainer 88. 
These bores extend from a circumferential groove 93 to the 
longitudinal bore 23. 

The bottom guide 96 has a longitudinal bore 101 Which 
receives the loWer control stem 52. On the outside diameter 
of one end of the bottom guide 96 is a circumferential 
groove 103. On the other end of the bottom guide 96 is an 
O-ring channel 97 that receives and supports O-ring 100. 
O-ring 100 seals the bottom guide 96 against the body 22. 
The vent seal assembly is generally identi?ed by the 
numeral 98 and is similar to the supply seal assembly Which 
Will be discussed in greater detail With regard to FIGS. 7, 8 
and 9. A plurality of radial bores 99 and 101 are formed in 
the bottom guide 96 providing ?uid communication betWeen 
the longitudinal central bore 105 and the outside groove 103 
of the bottom guide 96. 

In order to take up manufacturing tolerances, a crush 
Washer 102 is captured betWeen the bottom guide 96 and the 
bottom ?ange 24. A groove 25 is formed in the bottom ?ange 
24 and it receives an O-ring 104 and a back-up ring 106. The 
bottom ?ange 24 is sealed against the body 22 by the O-ring 
104 and the back-up ring 106. 
Aplug 110 is installed in a plug port 112 in the body 22. 

The plug 110 can be removed and a gauge can be placed in 
this port at the preference of the user. A passageWay 114 is 
bored parallel to the longitudinal axis of the valve 10 
through the body 22, the port 112 and into the regulated port 
62. AJIG ?tting 116 is threaded in the body 22 to close off 
one end of the passageWay 114. 

A ?oW passageWay, sometimes called the vent passage 
Way 7 extends from the regulated port 62 to the vent port 28 
as indicated by the ?oW arroWs of FIG. 4 When the control 
stem 52 is in an appropriate position alloWing the ?oW slots 
72 to be in position to alloW communication betWeen the 
radial bores 94 and 95 in the seal retainer 88 and the radial 
bores 99 and 101 in the bottom guide 96. Fluid moves from 
the regulated port 62, through the passageWays 114 and 115 
into the radial bores 94 and 95 and into the longitudinal bore 
23 of the seal retainer, into the longitudinal bore 105 through 
the radial bores 99 and 101 of the bottom guide 96 and out 
the vent port 28. 

FIG. 3 is an enlarged section vieW of the regulator of FIG. 
2. In FIG. 3, pressuriZed ?uid is ?oWing through the supply 
passageWay 9 as indicated by the ?oW arroWs 9—9, from the 
supply port 26 to the regulated port 62. Turning the knob 12 
clockWise moves the loWer control stem 52 doWnWard (from 
the position shoWn in FIG. 2), thus unseating the slots 70 in 
the control stem 52 from the supply seal assembly 82. Fluid 
moves along the supply passageWay 9 as folloWs: from the 
supply port 26, around the circumferential groove 27 in the 
supply cage 84 through the radial bores 86 and 87, through 
the longitudinal passageWay 85, into the longitudinal pas 
sageWay 78 of the upper cylinder cage 74 and thereafter 
through the radial bores 76 and 77 into the regulated port 62. 

The loWer control stem 52 is moved doWnWard as shoWn 
in FIG. 3 by rotating the knob 12 clockWise. This adjusts the 
set point in the regulated port 62. When the knob 12 is 
rotated clockWise, the adjusting stem 13 is rotated clockWise 
Which rotation is then imparted through the adjusting sleeve 
pin 44 to the adjusting sleeve 36. The reverse threads 45 on 
the adjusting sleeve 36 and the threads 46 on the upper 
control stem 48 cause the upper control stem 48 to move 
doWnWard in response to the clockWise rotation of the 
control knob 12. The upper control stem 48 is able to move 
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6 
doWnWard because of the slot 50 Which alloWs axial move 
ment vis-a-vis the spring guide pin 55. The loWer control 
stem 52 is connected to the upper control stem 48 by the 
control stem pin 54. The upper control stem 48 and the loWer 
control stem 52 move axially as a unit. As a matter of 

manufacturing choice, the upper control stem 48 and the 
loWer control stem 52 could be fabricated as a single part. 

As the loWer control stem 52 moves doWnWard, the outer 
circumference 69 of the loWer control stem 52 moves aWay 
from the supply seal assembly 82, thus alloWing ?uid to pass 
through the radial bores 86 and 87, through the ?oW slots 70 
in the loWer control stem 52, through the longitudinal 
passageWay 78, and the radial bores 76 and 77 to the 
regulated port 62, as shoWn by the ?oW arroWs in the 
draWing. After the pressure in the regulated port 62 increases 
to set point or set pressure, the pressure in the regulated port 
62 passes through the passageWay 75 in the body 22 and is 
exerted upon the retaining nut 65 and the sensor piston 60. 
As the sensor piston moves upWard, it transfers the axial 
force to the ?ange 56 of the spring guide 42, thus compress 
ing the spring 58. As the spring guide 42 moves upWard, this 
axial movement is transferred to the stem retainer 40 and the 
adjusting sleeve 36. The threads 45 in the adjusting sleeve 36 
engage the threads 46 on the upper control stem 48, thus 
imparting upWard axial movement to the upper control stem 
48, thus moving the loWer control stem 52 upWard, When the 
adjusting sleeve 36 moves upWard. As the loWer control 
stem 52 moves upWard the ?oW slots 70 move upWard and 
the outer circumference 69 of the loWer control stem 52 
again engages the supply seal assembly 82, thus blocking 
further ?oW from the supply port 26 into the regulated port 
62 through the supply passageWay 9. 

If, for some reason, the regulated pressure drops, the 
spring 58 Will relax. The piston 60 Will move doWnWard 
until the slot 70 crosses the supply seal assembly 82. Fluid 
Will ?oW from the supply port 26 until the pressure increases 
to the set point Which Will be enough to move the outer 
circumference 69 of the loWer control stem 52 back into 
engagement With the supply seal assembly 82. 
When there is an overpressure situation in the regulated 

port 62, the loWer control stem 52 moves axially upWard, 
thus alloWing the ?uid to move from the regulated port 62 
to the vent port 28 through the vent passageWay 7, as better 
seen in FIG. 4. 

FIG. 4 is an enlarged section vieW of the regulator of FIG. 
2 in the vent position, as shoWn by the ?oW arroWs. The ?uid 
in the regulated port 62 exerts axial pressure on the sensor 
piston 60 causing compression of the spring 58 Which causes 
the loWer control stem 52 to move upWard, as previously 
discussed. When the loWer control stem 52 moves axially 
upWard, the ?oW slots 72 disengage from the vent seal 
assembly 98 alloWing ?uid to ?oW as indicated by the ?oW 
arroWs in FIG. 4. 

To vent overpressure in the regulated port 62, the loWer 
control stem 52 must move axially upWard. This is achieved 
through the folloWing interaction. The ?uid in the regulated 
port 62 moves through the radial bores 76 and 77 in the 
upper cylinder cage 74 and through the angular passageWay 
75 into a pressure chamber 11. The pressuriZed ?uid exerts 
force on the retaining nut 65 and the sensor piston 60 Which 
surround the loWer control stem 52 but do not impart axial 
movement to the loWer control stem 52. Rather, the axial 
movement is transmitted from the sensor piston 60 to the 
?ange 56 of the spring guide 42. This causes compression of 
the spring 58. The axial upWard movement of the spring 
guide 42 is transmitted to the upper control stem 48 through 




















